INTRODUCTION
Hybrids obtained by crossing European bison with domestic cattle possess a large number of characteristics of benefit from the breeding point of view (Krasińska, 1969 , Pietrzykowski & Kras.i ń-slka, 1971 , S z uilc et al., 1971 . On this account studies have been undertaken of recent years in Poland on the hybridization of these two species under ''breeding farm conditions, using insemination of cows with frozen European bison sperm (Małecka et al., 1976) . These experiments point to the possibility of future production of hybrids on a wider scale, and its unquestionably useful aspect. In connection with these studies the question of hybrid fertility becomes of considerable importance.
Hybrids of American bison and domestic cattle were obtained on >a large scale at the Canada Agriculture Experimental Farm. Testes from this material have been examined 'both cytologically and histologically. In hybrids with 22% bison blood spermatogenesis occurred, but normal conjugation in meiosis did not take place in animals iwith more than 14% bison blood (Peters, 1964; fiasrur, 1969) . Ths causes of sterility in male hybrids have been sought for among genetic and developmental factors. A critical review of these hypotheses has been presented in the paper on the experiment carried out in Canada (Basrur, 1969) , and in the first part of the present study ¡(Fedyk & Krasińska, 1971) .
The breeding experiment carried out at Białowieża produced 31 made hybrids of different ¡generations ¡(1/2 to 1/16 European bison). Despite attempts at mating, none of these males sired any progeny. In an earlier paper (Fedyk & Krasińska, 1971 ) histological examination was made of testes in F x generation males and male backcrosses (Bj) to cattle. The present paper forms a continuation of these studies and relates to B 2 and B 3 hybrids (i.e. second and third generation of backcrosses to cattle). In addition a histomorphological description is given of the testes of one F 1 generation hybrid.
MATERIAL AND METHODS
The subject of the studies was formed by hybrids of European bison and domestic cattle of the lowland black-and-white and Polish red breeds, obtained at the Mammals Research Institute PAS at Białowieża during the period from 1971-1974 and one animal born in 1962. Detailed data on these animals are to be found dn other studies (Krasińska, 1967 (Krasińska, , 1971 (Krasińska, , 1979 ).
The testes for the studies were obtained from animals shot for morphological analysis or from animals which had died naturally. The material consisted of the testes of one F t generation bull, which died at the age of The testes were excised immediately after slaughter and small fragments of them were fixed in Bouin fluid, embedded in paraffin and then sectioned to 10-20 pi. The preparations were stained with hematoxylin and eosine.
Microscopic examination was made of 100 tubulae from each individual, recording the stage at which spermatogenesis had ceased. Ten tubulae representing average spermatogenetic activity level were taken from each individual and calculation made of the total number of cells of all stages of spermatogenesis. Using measurements of minimum and maximum diameter of 10 tubulae and the calculated mean length of their radius as a basis, calculation was next made of the area of a cross-section of the tubula. In turn calculation was made of the number of cells at different stages of Spermatogenesis per 1000 n 2 of tubula area, which made it possible to eliminate differences resulting from different dimensions of the tubulae.
Calculation was also made for hybrids of all generations of the index of number of Sertoli cells in relation to the numbers of all germ cells per 1000 ¡J. 
MICROSCOPIC OBSERVATIONS OF TESTES

Fj hybrid
The seminiferous tubulae of the F x hybrid (Facet) are looselly arranged, neighbouring tubulae not being in contact through their basement membranes. The relatively large spaces between tubulae are filled with numerous interstitial cells enveloped in connective tissue. The membranes of the tubuilae are thickened and consist of several distinct layers. The whole lumen of the tubulae is filled with Sertoli cells and scanty spermatogonia, and in addition a large amount of detritus and, sporadically, spermiophages, are observed in the tubulae. The walls of the blood vessels are thickened (Plate VIII, a).
B 2 hybrids
The microscopic picture of testes in B 2 generation hybrids is diversified. Both the full cycle of spermatogenesis, in which the different stages are arranged concentrically, and also cases in which spermatogenesis does not continue to its termination, are observed. Such diversity allso applies to interstitial tissue and the arrangement itself of tubulae.
Feston (5 months). The picture observed in this hybrid was normal. The walls of tubulae are in contact and groups of interstitial cells occur in the triangular spaces between them. The basement membranes of the tubulae are thin. The whole lumen of the tu'bulae is filled with cells {Sertoli cells and a few spermatogonia) and numerous deposits of detritus (Plate VIII, b).
Fenek (one year old). Seen in cross-section the tubulae have irregular foilded walls but contact each other. In the spaces between them there are a few interstitial cells. The lumen of the tubulae is filled with a large amount of detritus. All stages of spermatogenesis are present (Plate VIII, c).
Fenyl (2 years old). The seminiferous tubuilae do not touch each other. Bands of connective tissue occur here and there in the large free spaces between them. There are few interstitial cells and they form clusters. The relatively large lumen of the tubulae is filled with detritus. The germ cells form characteristic spermatogenetic waves. The blood vessels have thickened walls and a small lumen (Plate VIII, d).
Fenol ( There is a large amount of detritus in the lumen of the tubulae (Plate IX, g).
B 3 hybrids
Generation B 3 is represented by one male only i(Felilks -2 years old), in which the histodogical picture of the testes is a normal one. The seminiferous tubulae adhere closely. There are interstitial cells only in the triangular spaces between the tubulae. Germ cells form regular spermatogenetic waves. Scanty detritus occurs in the lumen of the tubulae (Plate IX, i).
EPIDIDYMIS
As anticipated', no spermatozoa were found to be present in the epididymis of the Fi hybrid (Facet), but there was marked growth of interstitial tissue. In B 2 hybrids, however, the picture is diversified. In the youngest hylbrids (Feston), 5 months old, the epididymis is not comipletely formed. It has thin walls and >a small (lumen containing detritus and mucus. Among the three B 2 hybrids, in the seminiferous tubulae of which sperma'tozoa were present, one (Fenyl) has an empty epididymis and the other two (Fenek, Fen II) have epididymis filled with a large amount of spermatozoa (Plate VIII, e and Plate IX, h). In the B 3 generation hybrid (Feliks) also, a large amount of spermatozoa were observed in the epididymis.
DIMENSIONS OF SEMINIFEROUS TUBULAE
In the group of hybrids under discussion, the smallest area of tubulae was found in the youngest hybrid, 5-month old Feston, and also in the oldest Fi generation hybrid (11-year old Facet). 
COURSE OF SPERMATOGENESIS
In the Fi generation hybrid (Facet) only spermatogonia and Sertoli cells were observed in the tubulae, the numlber of Sertoli cells being twice as great as that of spermatogonia. Sertoli cells occurred only in 15% of the tubulae examined, but in tubulae in which spermatogonia were observed only a few Sertoli cells were present. The total number of germ cells per 1000 ¡i 2 of tubulae area is small (Table 1 , 2). In B 2 hybrids the course of spermatogenesis varied. In two individuals (Feston, Fenomen) only spermatogonia were observed in addition to Sertoli cells .in tubulae, in 95% of the tu'bulae examined in Feston, and 75% of the tubulae in Fenomen. Only a few primary and secondary spermatocytes were observed in Fenol. Only 25% of the tubulae contained spermatocytes. The remaining three B 2 generation hybrids (Fenyl, Fenek, Fen II) possessed all stages of spermatogenesis, including spermatozoa. In Fenyl, however, only 3% of the tubulae examined contained spermatozoa, whereas in Fen II and Fenek the figures were respectively 66% and 76%. The total number of germ cells per 1000 fr of tubulae area, and also the mean number of cells of the different stages of spermatogenesis, differ in these individuals. Maximum values occur in Fene'k (1 year old) and minimum in Fenyl (!2 years old) ( Table 1, 2) .
A significantly greater number of germ cells are found in B 2 generation hybrids than in Bj (P<0.05). All stages of spermatogenesis occurred in the B 3 generation hybrid, 74% of the tubulae containing spermatozoa. Relatively large numbers of ger.m cells per 1000 jx 2 of tubulae area were also found ( Table 1 , 2). Spermiophages were found to be present in 3 individuals of B 2 generation (Fenol, Fen II, Feston), but the numbers weare always small.
COMPARISON OF GENERATIONS F T , BJ, B 2 , B 3
It would appear that in B 2 hybrids is no relation between tubulae dimensions and degree to which spermatogenesis has advanced, spermatogenesis being found earlier in Fi and B x hybrids (F e d y k & & Krasinsika, 1971). It can only be stated that a greater area of seminiferous tubulae was found in individuals in which spermatozoa were ipresent (Table 1, Fig. 1 ). The size of seminiferous tubulae area in hybrids of different generations (Fi, B 1} B 2 ) does not differ significantly (in all cases P > 0.05), while only the B 3 hybrid had a greater tubulae area than hybrid B 2 .
"When comparing material obtained from F 1? B 1} B 2 and B 3 analysis was made of the relation between the degree of advance in spermatogenesis and ratio of the number of Sertoli cells to the total number of germ cells per 1000 }i 2 of tubulae area (Table 3) . Higher values of the index occurred in generations F 2 and Bi than in B 2 and B 3 . In the animals belonging to the same generation this index is however higher, where there is a lesser degree of advance in spermatogenesis. Maximum values of this index occur in backcross generations in which complete spermatogenesis takes place together with spermatozoa production. In such cases the ratio of number of Sertoli cells to germ cells never exceeds the value 1. In two individuals (Feneik -B 2 and Feliks -B 3 ) this ratio is lowest (0.2) - Fig. 2 . This same index occurs in European bison (Fedyik & Krasińska, 1971) . As the percentage of cattle blood increases in hybrid generations the mean values of the ratio of Sertoli cells to germ cells decrease from 5.5 in generation F x to 0.8 in B, (Fig. 2) .
DISCUSSION
The microscopic picture of testes in the F x hybrid (Facet) is similar to that observed in hybrids of the same generation previously examined (Fedyk & Krasińska, 1971) , this applying primarily to the membrane structure of seminiferous tubulae and the arrangement of interstitial tissue. In addition, only spermatogonia were found in Facet, as was the case with the two F : hybrids examined earlier.
In a previous paper (Fedyk & Krasińska, 1971 ) it was suggested that there is a connection between the size of seminiferous tubulae area and the hybrid's line. The F 1 hybrid examined in this study belongs to line I (i.e. hybrid from combination of S European bison X $ cattle). The mean area of its tubulae is distinctly smaller than in the two representatives of this line examined previously. It may therefore be concluded that the diversity observed in F x in the size of tubulae area is more the result of individual variation than the effect of the hybrids' line.
In hydrids of the first backcross generation (BJ in many cases degeneration of interstitial tissue and hypertrophy of connective tissue were observed (Fedyk & Krasińska, 1971 ). This was also observed in B 2 hybrids, although it would appear that the histological picture of intertubular spaces in B 2 generation hydrids is closer to normal. On the other hand thickening of the walls of capillary vessels observed in many Fj and B x hybrids did not occur at all in B 2 and B 3 generations.
In respect of the process of spermatogenesis, in generation B 2 it either continues to its normal termination or ceases in the spermatogonia stage. It may be concluded that in this second case the reason for cessation of spermatogenesis is to be found in pcdring abnormalities of chromosomes. An exception is formed by the B 2 hybrid Fenol, in which primary and secondary spermatocytes were observed, but spermatids and spermatozoa did not occur. This picture of spermatogenesis was found iin the majority of B x hybrids (Fedyik & Krasińska, 1971) . It would appear that in these cases inhibition of spermatogenesis depends to a great degree on additional extra-chromosome factors.
In hybrids of American bison and cattle a considerable percentage of cells with an abnormal number of bivalents (nT^O) was found during mitotic divisions (Bas rur, 1969) . It may be that a similar situation occurs in hybrids of European bison and cattle.
When comparing hybrids of all the generations examined fundamental differences were found in the dynamics of the spermatogenesis process. In backcross generations the similarity in the number of spermatogonia per lOO' O (j.
2 of tubulae area is striking. In generations B 2 and B 3 this value is approximately 0.9 (Table 1) , and is identical with the mean value for generation B ]( whereas in generation F x this value is three times smaller (Table 3 ). The number of primary spermatocytes is greater with increasing percentage of cattle blood in hybrids. This regularity is maintained in all further stages of spermatogenesis (Tafcie 3). In the European bison, however, except for primary and secondary spermatocytes, slightly fewer cells per 1000 |i 2 occur in the remaining stages than in the hybrid B 3 (Table 3) .
In B 2 and B 3 generation hybrids the sum total of germ cells of all stages per 1000 ^i 2 is distinctly higher than in the previous generations. The difference between generations B x and B 2 is statistically significant (P < 0.05), which is due chiefly to the exceptionally large number of germ cells in the year-old B 2 hybrid (Fenek). When this individual is omitted, the difference ceases to be significant (P > 0.05) ( Table 1) .
Of the three B 2 generation hybrids in which all spermatogenetic stages were observed, spermatozoa were found in the epididymis in two of them. B 3 hybrid also possessed numerous spermatozoa in the epididymis. These are thus the first cases in which spermatozoa were found to be present in the epididymis in Białowieża hybrids. In the F x and Bj hybrids examined previously no spermatozoa were found in the epididymis (Fedyk & Krasińska, 1971) .
In hybrids of American bison and domestic cattle several fertile males were obtained in the second backcross generation (12.5°/o bison) {Bas rur, 1969). In earlier reports (Boyd, 1914; Goodnight, 1914 -cited after Basrur, 1969 it was stated that when F x females were ibackcrossed in both directions it was possible to obtain fertile males, but when fertile males of this generation were crossbred with Fx females sterile males were always obtained, as was confirmed in later studies (Logan & Sy lv est re, 1950). Basrur (1969) concludes from these facts that 25°/o of bison blood »is probably the maximum bison parentage in a hybrid femaJe that is compatible with the production of fertile males. In general, cattalos with 14°/o American bison parentage are found to be fertile«.
The histological studies made on hybrids of European b ; son and domestic cattle would appear to confirm this opinion. Białowieża bred B 2 hybrids (12.5% cattle) had complete spermatogenesis, while spermatozoa were present in the epididymis. Even so, progeny was not obtained from these males as the result of natural mating. As additional studies were not carried out on the quality of spermatozoa no opinion Gain be given as to the causes of ineffective mating. It can only bo assumed that the cause might have been the low viability of spermatozoa or the presence of their abnormal forms, which have been observed by B a s r u r (1969) in American hybrids. It must, however, be remembered that in Białowieża studies only 7 individuals of the final backcross generations were available (this including one B 3 generation animal), and such .scanty material cannot form proof that completely fertile males cannot occur in these generations. 
